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ABSTRACT 

We investigate the synchrotron emission (both intensity and morphology) associated 
with generic dark matter particles and make predictions for the PLANCK experiment 
using the FERMI data and a model for the astrophysical sources. Our results indicate 
that the morphology of the dark matter plus astrophysical source synchrotron emission 
is frequency-dependent. We show that a thorough comparison between LFI and HFI 
data can potentially provide a new tool for constraining the dark matter particle mass. 
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1 INTRODUCTION 

There are many indirect detection techniques that can be 
used to elucidate the nature of the dark matter in our Uni- 
verse. Among them, the anomalous production of cosmic 
rays and 7-rays, first proposed by Silk & Srednicki (1984) 
in the context of self-annihilating neutralinos, has received 
much attention since the PAMELA experiment confirmed an 
excess of positrons at relatively low energies. A new type of 
dark matter signature has also been proposed in the form of 
anomalous radio emission from leptonic annihilation prod- 
ucts (Boehm et al. 2004; Colafrancesco et al. 2006; Zhang 
k Sigl 2008; Borriello et al. 2009; Bringmann 2009; Crocker 
et al. 2010; Siffert et al. 2011; Bergstrom et al. 2009; Boehm 
et al. 2010). It may even be possible to discriminate decaying 
from annihilating dark matter scenarios using the morphol- 
ogy of the electromagnetic emission if a signal were detected 
(Ascasibar et al. 2006; Boehm et al. 2010). 
There has been recent interest in the exploitation of galactic 
foregrounds in all-sky CMB experiments for the detection of 
synchrotron light (corresponding to microwave and submil- 
limetre radiation) emitted by a new, relativistic, population 
of electrons originating from dark matter annihilations or 
decays. It was pointed out a few years ago that the subtrac- 
tion of known foregrounds (extrapolated from the Haslam 
data at 408 MHz and from Parkes at 2.4 GHz) to microwave 
frequencies showed a residual trace in the 22GHz channel of 
WMAP. It was then speculated that the origin of the so- 
called WMAP haze (Finkbeiner 2004) could be due to dark 
matter particles (Hooper et al. 2007; Dobler & Finkbeiner 
2008), although more recent investigations on its nature now 
seem to favour an astrophysical interpretation rather than 



a dark matter origin (Su et al. 2010). Whatever the origin 
of the WMAP haze, this work has demonstrated that dark 
matter could potentially be seen in CMB experiments via 
galactic foregrounds. 

Here, we demonstrate that exploiting PLANCK data may 
open up a new window for indirect searches of dark matter 
particles and offers a way to cross-check the results obtained 
from other channels. Our assumptions are the following: i) 
we suppose that dark matter particles annihilate or decay 
into electrons (and positrons) with some specified branching 
ratio, as in Boehm et al. (2010) and Bernal & Palomares- 
Ruiz (2010) ii) we use a semi-analytical approach to solve the 
diffusion equation (as described in Delahaye et al. (2008)) to 
propagate relativistic electrons, and iii) we assume a smooth 
NEW dark matter halo profile, parameterized as: 

/z,M(r) = — (^-^-p^J , 
with Rr = 20 kpc and Rq = 8.5 kpc. 



2 METHOD 

In order to estimate the synchrotron emission from dark 
matter particles, we first need to determine the elec- 
tron/positron production rate by dark matter (Qn) for each 
adopted particle mass rudm- For this purpose, we exploit the 
fact that the same population of relativistic electrons is ex- 
pected to produce both synchrotron radiation relevant for 
CMB experiments and a measurable cosmic ray flux at the 
Sun's position relevant for balloon or satellite experiments 
such as FERMI. 
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For a given dark matter mass, one cannot arbitrarily in- 
crease the value of Qn because this would lead to an excess 
of electrons and positrons in the FERMI data. Before eval- 
uating the "dark" synchrotron emission, we thus need to 
determine the maximal allowed dark matter pair annihila- 
tion cross-section which is compatible with the FERMI data 
for specific values of the dark matter mass ^ . 
This, however, requires knowledge of the background emis- 
sion, /.e. one has to estimate the electron and positron 
flux expected from galactic astrophysical sources. Unfortu- 
nately there is no exhaustive catalogue of high energy elec- 
tron emitters in the galaxy. Hence, a technique, used in 
particular by WMAP to remove the synchrotron emission 
and access the cosmic microwave background (CMB), as- 
sumes that radio (low frequency synchrotron) maps {e.g. the 
Haslam maps at 408 MHz) are also valid at higher frequen- 
cies, rescaling them by a factor which is determined by re- 
quiring that the galactic synchrotron contribution obtained 
at microwave/sub-millimeter frequencies is consistent with 
the CMB data already in hand. In practice, this is equiva- 
lent to assuming that i) any source which would contribute 
to the synchrotron emission at radio frequencies also gives 
a signal at higher frequencies and ii) the morphology of the 
emission stays the same whatever the frequency. 
Here, we will show that these assumptions are not necessar- 
ily valid. Very high energy electrons, as produced by dark 
matter annihilations or decays can - if energetic enough 
- contribute to the highest frequencies only (i.e. not pro- 
duce any radio signal). Besides, as already demonstrated in 
Mertsch & Sarkar (2010), taking into account spatial and 
energy propagation can change the morphology of the elec- 
tron distribution in the galaxy as well as the dependence of 
the electron flux with the energy and lead, in particular, to 
the wrong interpretation of the WMAP haze. 
Given these drawbacks, we will adopt a different approach. 
Instead of extrapolating the Haslam maps from the lowest 
to the highest frequencies, we will assume that high energy 
electrons are produced by a smooth distribution of steady 
astrophysical sources and work out the flux that is expected 
at the Earth's position and at the FERMI energies by includ- 
ing spatial and energy propagation. We will then compute 
the cosmic ray flux due to dark matter annihilations (or de- 
cays) and adjust the production rate so that the sum of both 
components does not exceed the electron flux measured by 
FERMI. 

Among the most recent source distributions in the literature, 
the most statistically significant can be found in Lorimer 
(2004) and can be described as follows: 

Fermi acceleration theory as well as radio observations of 
supernova remnants indicate that the spectrum of the elec- 
trons emitted by astrophysical sources is a power-law with 
a high energy exponential cut-off. Therefore, we will param- 



^ Note that maximising the annihilation cross-section (or the de- 
cay rate) may actually lead to some structures in the cosmic ray 
flux but this is not in conflict with observations. Besides, local 
sources may induce similar effects. 



eterize the source term as: 

QsNR(e,r,z) = A/L04(r,z)e""e"^ (1) 

where e is the energy of the electrons, A is the amplitude 
and a the spectral index (expected to be slightly greater 
than 2). In the following, we will fix the parameters A and 
a so as to give the best qualitative fit to the FERMI data 
with astrophysical sources only (Abdo et al. 2009). 
The propagation of high energy electrons in the galaxy can 
be well modelled in the two-diffusion-zone model (see for 
example Moskalenko & Strong (1998); Maurin et al. (2001) 
or Delahaye et al. (2008), for a complete description of the 
propagation model used here) with three parameters (L the 
diffusion slab half-thickness, S and Kq the diffusion param- 
eters). If one considers pulsars as a viable source of cosmic 
rays (see for instance Delahaye et al. (2010)), all the data 
which has been collected for local fluxes of electrons and 
positrons can be described by a given set of parameters. 
Owing to the energy losses, these data correspond to elec- 
trons and positrons emitted mostly in the nearby 2 kpc. 
Since the value of the magnetic field B (in particular) is ex- 
pected to vary significantly in the diffusion zone, one cannot 
guarantee that this set of parameters is valid throughout the 
whole Galaxy. However, since it is difficult to describe accu- 
rately such variations and embed them into a semi-analytical 
approach, we will assume that the field is constant over the 
entire diffusion zone and consider the same set of propa- 
gation parameters whatever the source of high energy elec- 
trons. Finally, we neglect the reacceleration of cosmic rays 
while this may actually be important for low mass dark mat- 
ter particles. 

We can now estimate the synchrotron emission from dark 
matter particles in a smooth dark halo. The surface bright- 
ness is given by: 

E 

with 

?7n b{E) J J \mdmj 

xG{Q,x^e,E^nj) (2) 

the electron flux at an energy E and in a given direction (in- 
tegrated along the line of sight). The term G{Q,x ^ e, Einj) 
represents the Green's function. It encodes the propagation 
of the electrons (spatial diffusion and losses) from their place 
of "birth" to a position x and from an injection energy 
Einj = n X mdrn/2 to a lower energy Emin — e. Ne is a 
multiplicity factor. Since dark matter always produces both 
an electron and a positron simultaneously, Ne — 2. The 
term h{E) accounts for the energy losses (inverse Compton 
and synchrotron) and bsync.{^) those due to synchrotron 
only. 

The convention displayed in Eq.2, i.e. n = 1,2, denotes the 
decaying and annihilating DM cases respectively. The term 
Qi is the decay rate (expressed in s), Q2 is the annihilation 
cross section (expressed in cm^/s), p is the dark matter mass 
distribution and mdm is the dark matter mass. The term T]n 
is equal to unity when dark matter is decaying {rin=i = !)• 
It is equal to 2 or 4 if dark matter is annihilating {r]n=2 = 2 
if dark matter is a Majorana and r]n=2 = 4 if dark matter is 
a Dirac particle). 
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Following this procedure, we find that for 40 GeV par- 
ticles, the annihilation cross section can be as large as 
CFV ^ 1.5 — 2.5 10~^^cm^/s in our galaxy without being 
in conflict with the FERMI data. This suggests that an- 
nihilations in the primordial Universe were either occuring 
mostly into particles other than electrons (and positrons) or 
the velocity-dependent term in the pair annihilation cross 
section into electrons is important {av = a + bv^ with 
a > b). For 100 GeV particles, the annihilation cross section 
is about av 7 10~^^cm^/s. This is somewhat larger than 
the canonical thermal annihilation value required to explain 
all the dark matter today (namely 3 10~^^cm^/s) but is still 
compatible with the FERMI measurement of the electron 
+ positron flux in the Milky Way. Such a av value could 
suggest scenarios in which the annihilation cross section is 
enhanced in the galaxy due to the small velocity dispersion 
of the dark matter particles in the halo (c.f. the Sommer- 
feld enhancement). Hence constraints from spheroidal dwarf 
galaxies (dSph) may apply. 

Although the FERMI limits on dark matter candidates ob- 
tained from dSph are stringent, they do depend on the dark 
matter mass and most notably on the adopted dark matter 
profile. Using PLANCK data would therefore provide addi- 
tional constraints and a means to cross check the FERMI 
results. 



3 "DARK" SYNCHROTRON EMISSION 

In what follows, we will display the most significant syn- 
chrotron map predictions. We focus on annihilating dark 
matter particles. We use the "MED" (corresponding to 
L = 4 kpc, S = 0.7, Ko = 0.0112 kpcVMyr) and "MAX" 
(corresponding to L = 15 kpc, 6 = 0.46, Kq = 0.0765 
kpc^/Myr) set of propagation parameters. As demonstrated 
in our previous work Boehm et al. (2010), a smaller diffu- 
sion zone (corresponding to the "MIN" set of parameters) 
will lead to a more confined "dark matter" synchrotron emis- 
sion (brighter in the centre and fainter outside) while a more 
optimistic model of propagation ("MAX") would lead to a 
brighter emission at larger latitude and longitude. Of course, 
the relative brightness of the emission at each frequency is 
affected by the choice of propagation parameters but, in this 
Letter, we do not attempt to perform a detailed analysis of 
the propagation parameters. We only point out that if prop- 
agation of cosmic rays in our galaxy is correctly described 
by the "MED" and "MAX" parameter sets, PLANCK may 
have the ability to constrain the dark matter mass. 
To produce the dark matter-related synchrotron maps, we 
assume a monochromatic emission (i.e. one frequency corre- 
sponds to a single value of the electron energy) . The relation 
between injection energy and frequency then reads: 

.„„ = I6M„..(:)'x(g|)%(i)^ 

This well-known relation indicates that small dark matter 
masses cannot "shine" at high frequencies unless the mag- 
netic field is very strong. Although obvious, this property 
turns out to be very important for dark matter searches. 
In Fig. 1, we show that 10 GeV dark matter can shine at 33 
GHz if the magnetic field is about 25 /iG. However, no signal 
is expected at higher frequencies unless the magnetic field 
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Figure 1. Synchrotron maps for 10 GeV dark matter particles, 
B = 25/iG. We use the MED parameter set and assume annihilat- 
ing particles. The emission from astrophysical sources is displayed 
in the left column; the dark matter prediction is shown in the mid- 
dle panel and the sum of the two contributions is dispayed in the 
right panel. 
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Figure 2. Synchrotron maps for 40 GeV dark matter particles, 
B = SfiG. We use the MED parameter set and assume annihilat- 
ing particles. 

is stronger. The intensity of the emission is large enough to 
be within the reach of PLANCK sensitiviy. The dark mat- 
ter signal is very bright at the centre, as can be expected 
from the large value of the magnetic field (the latter indeed 
confines the electrons in the centre). However the sum of 
the two contributions is bright enough at high latitudes to 
have a chance of being detected by the LFI. This is consis- 
tent with previous dark matter analyses performed in the 
context of the WMAP haze (Hooper & Linden 2011). In- 
terestingly enough, for such parameters one also expects a 
radio signature in the galactic centre. As shown in Boehm 
et al. (2001); Boehm et al. (2010), one expects the radio 
emission to be about ten times smaller than the emission 
attributed to the central black hole. Therefore, in princi- 
ple, the estimate of the radio emission should set a stronger 
limit on the cross-section. /. e. it is likely to constrain cross- 
sections greater than av ^ 2 10~^^ cm^/s. Nonetheless, one 
still expects a visible signal in PLANCK/LFI and no signal 
in HFI. 

When the mass is about 40 GeV and the magnetic field is 
close to the average value in the whole galaxy (cf. Fig. 2), 
one observes an extinction of the dark matter contribution 
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Figure 3. Synchrotron maps for 100 GeV dark matter particles, 
B = 3/iG. We use the "MED" parameter set and assume annihi- 
lating particles. 
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Figure 4. Synchrotron maps for 200 GeV dark matter particles, 
B = SfiG. We use the MED parameter set and assume annihilat- 
ing particles. 




Figure 7. Synchrotron maps for 800 GeV dark matter particles, 
B = SfiG. We use the MAX parameter set and assume annihilat- 
ing particles. 




Figure 5. Synchrotron maps for 200 GeV dark matter particles, 
B = 6fiG. We use the MED parameter set and assume annihilat- 
ing particles. 



to the synchrotron emission at large frequencies. This was 
to be expected from the frequency-energy relation but it 
does demonstrate again that comparing maps in different 
frequency channels is important. At 33 GHz, the sum of the 
astrophysical and dark matter contribution becomes visible 
close to the galactic centre at high latitudes, and it should 
still be within the reach of LFI sensitivity. Finding the dark 
synchrotron contribution will be difficult but possible, and 
it is therefore important to compare all frequency channels 
before removing the radio maps extrapolated to high ener- 
gies. 

The same features can be seen for 100 GeV (cf Fig. 3), ex- 
cept that the 33 GHz channel actually seems less anomalous 
than the 143 GHz channel while there should be no visible 
signal at very large HFI frequencies. This illustrates how im- 
portant it is to perform a thorough comparison of the syn- 
chrotron emission in the different frequency channels. Since 
the emission is expected to be about a few Jy, detecting 
the dark synchrotron emission would also be difficult but 
perhaps feasible and rewarding. 

At 200 GeV and B ^ 3/iG (cf Fig. 4), we observe an in- 
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Figure 6. Synchrotron maps for 200 GeV dark matter particles, 
B = 3/iG. We use the MAX parameter set and assume annihilat- 
ing particles. 



teresting effect: namely extinction of the dark synchrotron 
emission at the lowest frequencies. Unlike what is shown 
in the previous figures, we see that the signal is fainter at 
low frequencies than that at high frequencies. The emis- 
sion becomes clearly visible in the 857 GHz channel while 
still present at lower frequencies. One could therefore cross- 
correlate all channels to constrain the dark matter mass. The 
same feature can be seen in Fig. 5 when one increases the 
magnetic field. However, the signal is brighter and slightly 
more concentrated towards the galactic centre. Again, this 
was to be expected since a large value of the magnetic field 
confines the electron in the galactic centre. As a result, the 
synchrotron emission is brighter but also more confined to- 
wards the centre. 

The emission is easier to observe when the propagation pa- 
rameters correspond to the MAX set. In this case, it is 
broader (cf Fig. 6). However, in terms of intensity, it is quite 
similar to the MED set of parameters. 

Finally, it is interesting to note that the extinction of the 
dark synchrotron emission at low frequencies is particularly 
visible when the dark matter mass is about 800 GeV (cf 
Fig. 7). In this case, the LFI should not see any signal while 
HFI could in principle have a detection. The emission at 
857 GHz should be about 7 10~^ Jy. This is quite faint 
but the synchrotron emission associated with astrophysical 
sources is comparable. Hence, the ability for HFI to deter- 
mine whether there is a "dark" synchrotron signal depends 
on the level of accuracy required to remove the other fore- 
grounds. These figures demonstrate that extrapolating radio 
maps to high frequencies can lead to the wrong conclusions 
since very high energy electrons can, depending on their in- 
jection energy, shine at the highest frequencies only. 
Concerning decaying dark matter, the emission is spatially 
much broader and because the decay rate is constrained by 
local cosmic-ray fiuxes to be quite low (1-10 xlO~^^ s~^, 
it appears to be very difficult to distinguish from the astro- 
physical background. Nearby galaxy cluster observations by 
Fermi (Dugger et al. 2010; Ke et al. 2011) provide strong 
constraints on gamma rays from 6, b and /x, /x channels for 
decaying dark matter because of the relatively broad emis- 
sion profile, and it might be of interest to reexamine the im- 
plications of Planck data for constraining dark matter via 
leptonic decays in these systems. 
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4 CONCLUSION 

In this Letter, we have investigated the synchrotron emission 
from annihilating and decaying dark matter particles and 
predict the morphology and the intensity of the emission at 
PLANCK frequencies. To avoid considering unrealistic sce- 
narios, we have required that the sum of the dark matter 
and astrophysical source contributions to the electron plus 
positron flux observed at Earth position be compatible with 
the FERMI data. By comparing the different LFI and HFI 
frequency channels, we found that the dark matter (syn- 
chrotron) signature has very specific features that could be 
used to find such a signal if it exists. For reasonable val- 
ues of the magnetic field (and assuming it is uniform), we 
find that heavy dark matter particles illuminate high fre- 
quencies but do not shine in the lowest frequencies. Alter- 
natively, light particles "illuminate" the lowest frequencies 
(rather than the highest frequencies) for small values of the 
magnetic field. 

Although this is somewhat obvious, this characteristic indi- 
cates that the combined analysis of both LFI and HFI could 
help in determining the dark matter mass if an anomalous 
synchrotron emission were detected by the LFI at high lati- 
tude and absent from HFI data, or vice versa. This confirms 
that the PLANK experiment has the capacity to compete 
with dark matter direct (as well as other indirect) detection 
experiments. Such an analysis would be particularly useful 
in light of the recent claims of signals in several direct detec- 
tion experiments (Aalseth et al. 2011; Bernabei et al. 2008, 
2010; CDMS II Collaboration et al. 2010; EDELWEISS Col- 
laboration et al. 2011) whose (highly speculative) interpreta- 
tion as dark matter inelastic scattering events would favour 
relatively light dark matter particles and could therefore be 
within reach of PLANCK sensitivity. 

Disentangling the dark matter signal from astrophysical 
sources would be rather difficult. For example a 10 GeV 
dark matter particle would contribute to both the radio and 
submillimeter frequency ranges. However, a combined anal- 
ysis of all the different frequency channels together with im- 
proved modelling of known astrophysical sources and the 
propagation of cosmic rays may actually help to discrimi- 
nate among various scenarios. In any case, performing such 
an analysis using PLANCK data, would certainly comple- 
ment the constraints on the dark matter parameter space 
already obtained by several dark matter experiments, in- 
cluding FERMI searches for 7-rays from dSph. 
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